811-2 Multisite pacing improves synchronization of regional ventricular contraction as assessed by three-dimensional echocardiography in patients with single ventricle congenital heart disease  by Zimmerman, Frank et al.
JACC March 3, 2004 ABSTRACTS - Pediatric Cardiology and Adult Congenital Heart Disease  383A
Pediatric Cardiology and Adult Congenital Heart Disease
1076-206 Late Outcomes After Pulmonary Valve Balloon Dilation 
in Childhood
Yael Garty, Gruschen R. Veldtman, Kyon-Jin Lee, Leland N. Benson, Hospital for sick 
children, Toronto, ON, Canada
Background: Percutaneous balloon dilation (PBD) is the treatment of choice for pulmo-
nary valvular (PV) stenosis.Late outcomes are incompletely documented.
Methods: Patients who had PBD for isolated PV stenosis with more than 7 years follow-
up (FU) were identified. Hospital records and off-line echocardiograms were reviewed for
serial data. Right ventricular (RV) and pulmonary arterial (PA) growth were assessed.
Results: Of 115 children (11 with Noonan syndrome) with mean age 4.15 (0 - 16.81)
years, 56 (49%) were male. Mean FU time was 12.1 (7- 19.3) years. Hemodynamic and
anatomic characteristics are shown in the table.
There was 1 periprocedural death due to an extensive inferior caval vein clot leading to
cardiac arrest. Twenty (17%) patients required re-intervention, and tended to be younger
at procedure (p=0.06), had higher PV gradients (p=0.05), higher post-procedure RV
pressures (<0.001) and smaller PA’s (p=0.03). Late pulmonary regurgitation was more
common in females (p=0.03), and those with a smaller body surface area at procedure
time (p=0.05).
Conclusions: Although appropriate tricuspid and pulmonary valve annular growth
occurs after PBD, pulmonary regurgitation is common, resulting in RV volume loading
and dilation. Re-intervention rate is low, occurring mainly in younger patients with a poor
early result. Overall long-term outcomes are excellent although continuous follow-up is
essential.
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811-1 Frequency, Spectrum, and Phenotype of KCNJ2 
Mutations Among Patients Referred for Long QT 
(LQT)Syndrome Genetic Testing: Is KCNJ2 LQT7?
Esther H. Rodriguez, Daniel Hammill, David J. Tester, Michael J. Ackerman, Mayo Clinic, 
Rochester, MN
Background: Pathogenic mutations in KCNJ2 which encodes the inwardly-rectifying
potassium channel, Kir2.1, is implicated in approximately half of the cases of Andersen
Syndrome (AS). The phenotype of AS includes facial/skeletal dysmorphism, periodic
paralysis, and abnormal cardiac repolarization including QT prolongation. Because of the
associated prolonged QT interval, individuals with KCNJ2 genotype have been anno-
tated as type 7 long QT syndrome (LQT7). However, the prevalence and spectrum of
KCNJ2 mutations in a cohort of unrelated patients with LQTS is unknown.
Methods: Mutational analysis of KCNJ2 was performed using polymerase chain reac-
tion, denaturing high performance liquid chromatography, and DNA sequencing on 240
unrelated patients referred for LQTS genetic testing who remained genotype negative fol-
lowing comprehensive analysis of the 5 other cardiac channel genes implicated in LQTS.
Clinical data were archived independent of patient genotype.
Results: Four novel missense mutations were identified in 6 of the 240 (2.5%) unrelated,
genotype-negative probands. The mutations were absent in 400 reference alleles and
involved highly conserved regions. Two of the missense mutations, R67Q and T75M,
involved amino acid positions previously implicated in AS. All 6 KCNJ2- positive
probands were female with a mean age at diagnosis of 15.25 ± 4.11 years. The longest
resting QTc was 450 ms in one patient. Prominent U waves were the most defining elec-
trocardiographic phenotype. Marked ventricular ectopy involving premature ventricular
contractions, bigeminy, and polymorphic ventricular tachycardia was also seen. Two of
the 6 patients had facial/skeletal abnormalities and 1 patient displayed the complete triad
of AS.
Conclusion: Only 2.5% of a large LQTS genotype-negative cohort of patients referred
for LQTS genetic testing had a KCNJ2 mutation. Here, the cardiac phenotype involved
prominent U waves, marked ventricular ectopy, and normal QT intervals. No patient with
diagnostic QT prolongation harbored a KCNJ2 mutation. Thus, AS1 rather than LQT7
may be the more appropriate annotation for individuals with a KCNJ2 genotype.
11:15 a.m.
811-2 Multisite Pacing Improves Synchronization of Regional 
Ventricular Contraction as Assessed by Three-
Dimensional Echocardiography in Patients With Single 
Ventricle Congenital Heart Disease
Frank Zimmerman, Lynn Weinert, Victor Mor-Avi, Emile Bacha, Joanne Starr, Lissa 
Sugeng, Roberto Lang, University of Chicago, Chicago, IL
Background: Multisite ventricular pacing (MSP) results in improvement of cardiac index
in pts with bundle branch block by resynchronization of ventricular contraction. MSP also
acutely improves hemodynamics in select pts with single ventricle congenital heart dis-
ease (SV) . We performed MSP in pts with SV and assessed synchronization of regional
ventricular contraction using real-time 3-dimensional (3D) echocardiography. Methods:
Acute MSP studies were performed in 30 pts (median=2 yrs, range=7d-11yrs) undergo-
ing cardiac surgery. ECG, blood pressure, mixed venous 02 saturation (cardiac index)
and 3D echocardiograms (Phillips) were recorded in the baseline state and during pac-
ing. Off-line analysis was performed (Tomtec) to assess regional ventricular contraction.
Volume-time curves were generated for 16 ventricular segments. An index of asynchrony
was calculated as the standard deviation of the curves during systole. Results: MSP was
performed on POD #0-8 (median=1 day). Cardiac index increased in 15/16 pts (3.8±1.3
vs. 4.4± 1.6 L/min/m2, p<0.001). QRS duration was not significantly prolonged in the
baseline state but decreased with pacing in 28/30 pts (95.5±17.6 vs. 73.6 ±21.6 msec,
p<0.001). The index of asynchrony improved in 9/10 pts (10.0±4.4 vs. 6.0±1.5, p<0.005).
Conclusion: 3D echocardiography demonstrates that improved cardiac index with MSP
in pts with SV is associated with improved synchronization of regional ventricular con-
traction.
11:30 a.m.
811-3 Right Ventricular Resynchronization Fails to Improve 
Hemodynamics Early After Tetralogy of Fallot Repair
David S. Cooper, David P. Nelson, Timothy K. Knilans, Erik C. Michelfelder, Jeffrey M. 
Pearl, Peter B. Manning, Michael R. Epstein, Cincinnati Childrens Hospital, Cincinnati, 
OH
Background: Surgical correction for tetralogy of Fallot (TOF) entails right ventriculotomy,
with resultant RV dysfunction, right bundle branch block (RBBB) and postoperative low
cardiac output. In adult patients with LV dysfunction and LBBB, LV resynchronization
enhances LV function. Recent data suggests RV resynchronization may improve RV per-
formance in patients with RBBB and RV dysfunction late after TOF repair. We hypothe-
sized that abnormal RV activation may contribute to RV dysfunction early after TOF
repair. Methods: Subjects requiring right ventriculotomy were prospectively recruited.
Within 2 hours of CICU admission, patients underwent atrial pacing and A-V sequential
pacing with 4 different lead configurations: (1) RV apex (conventional pacing), (2) RV free
wall, (3) RV apex + RV free wall (RV resynchronization), and (4) RV apex + RV free wall +
LV free wall (complete resynchronization). Hemodynamic assessment included mean
arterial pressure (MAP), arterio-venous O2 saturation difference (A-VDO2) and QRS
duration. RVEDP, RV +dP/dt, and RV -dP/dt were recorded by intraoperatively placed
high fidelity RV catheter. Results: Eight patients with TOF (7) or double-outlet RV (1),
median age 7.5 months, were studied. In all patients, A-V sequential pacing increased
MAP approximately 10% (p<.05), with corresponding improvement in RV +dP/dt and -dP/
dt (40% and 15%; p<.01), regardless of lead combination or location. In 6 of 8 patients,
A-VDO2 also improved. There were no significant differences between conventional RV
pacing, RV resynchronization and complete resynchronization. There was no correlation
between change in QRS duration and hemodynamic effect. Conclusions: A-V sequen-
tial pacing resulted in short-term hemodynamic improvement early after TOF repair, but
ventricular resynchronization added no additional benefit. Although resynchronization
may be beneficial in TOF patients with RV dilation late after TOF repair, it appears to be
less beneficial early after TOF repair, perhaps because RV dysfunction is predominantly
diastolic at this stage. Benefits of prolonged A-V sequential pacing in the postoperative
management of TOF patients warrants further study.
Hemodynamic and anatomic characteristics. mean (range)
Before 
Procedure
early after 
procedure
Most recent p value
RV diameter (z-score) 1.2 (-4.5-4.5) - 1.7 (-1.8-4.2) 0.01
Tricuspid valve annulus (z-
score)
-0.9 (-4.7-1.9) - -1.1 (-4.7-1.7) NS
PA size (z-score) 2.2 (-2.7-5.4) - 1.9 (-1.8-16.2) NS
PV diameter (z-score) -1.3 (-5.4-5.2) - -0.8 (-4.7-2.9) NS
Right ventricular systolic 
pressure(mmHg)
80 (36-200) 45 (16-136) 32 (19-69) <0.001
Moderate to severe PV 
regurgitation
10 (15%) 23 (22%) 54 (59%) <0.001
